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Bacillus coli was first isolated by Escherich, from the feces of a
cholera patient in 1884. It was soon recognized as a normal inhabitant
of the intestinal tract of man and other animals, and for the past two
decades the colon-aerogenes group of bacteria has attracted consider
able attention from bacteriologists; particularly those interested in
sanitation. Numerous attempts have been made to differentiate colon
like bacteria from different sources by their cultural characteristics, by
agglutination reactions, complement-fixation tests, pathogenicity, etc.,
out until very recently the results were so uniformly negative that the
entire group of lactose-fermenting bacteria is held, by some, to be
characteristically of intestinal origin. In routine water and milk analy
ses the presence of colon-like organisms is regarded, by many, as an
index of pollution. There is considerable evidence accumulating, how
ever, to show that the animal intestine is not the sale and exclusive
habitat of colon-like bacteria. Prescott,' in this country, and
Papasotiriu," in Germany, report the presence of colon-like organisms
on grains of various kinds. Prescott regards those from grain and
feces as identical. He believes that multiplication actually takes place
on the grain and that their presence cannot be explained by contamina
tion from the air and dust. Rogers and his co-workers" of the U. S.
Department of Agriculture have recently isolated 166 specimens of
colon-like bacteria from 33 samples of dry grain (corn, barley, wheat,
and oats). They also obtained 14 cultures from 2 samples of green
oats, which had been opened aseptically, and are therefore inclined to
believe that these were growing in the milk of the immature grain.

In view of the fact that organisms which are apparently B. coli
are not uncommon on grains, their presence in water and milk cannot
be regarded as prima facia evidence of fecal contamination. Some

* Received for publication October 25, 1915.

1 The Biological Studies of the Pupils of Wm. T. Sedgwick, 1906, p. 208.
2 Arch. f. Hyg., 1901, 41, p. 204.
3 Jour. Infect. Dis., 1915, 17, p. 137.
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authorities, particularly among the Germans, are inclined to disregard
the colon test entirely, on account of the wide distribution of the organ
isms in nature. Prescott and Winslow" point out that in the interpreta
tion of the colon test, the number and not the mere presence of B. coli
should be taken as an index of pollution.

Rogers and his colleagues" have succeeded in differentiating colon
like organisms occurring on grain from those of fecal origin by the
gas ratio. They found that strains from bovine feces were character
ized by the fermentation of dextrose with the formation of hydrogen
and carbon dioxid in about equal volumes, while those occurring on
grains produce two or more times as much carbon dioxid as hydrogen.
The accurately determined gas ratio is not practical for routine work,
but, if some simple and rapid test could be found which would be
well correlated with the gas ratio, the colon test would be more reliable
and valuable as a criterion of fecal content than it is at present.

Clark and Lubs," also of the U. S. Department of Agriculture, point
out that there is absolute correlation between the gas ratio and the
hydrogen-ion concentration. The bovine fecal strains are characterized
by a relatively high hydrogen-ion concentration, those from grain by
a low hydrogen-ion concentration. The difference in H+ ion concen
tration between these two groups is such as to be easily recognized
by appropriate indicators. With methyl red, for example, the high
ratio group is yellow, or alkaline; while the low-ratio group is red.
or acid.

It is the purpose of this paper to record certain observations on the
indicator test suggested by Clark and Lubs, and to point out the corre
lation between this test and certain other cultural characters as deter
mined from a study of 167 organisms obtained from various sources.

SOURCE OF CULTURES

The collection of organisms studied contained 19 cultures from the feces
of 8 horses, 31 from 10 pigs, 20 from 6 cows, 22 from 8 sheep, 19 from 6 samples
of raw sewage, 20 from 6 samples of septic sewage, and 25 from 7 samples
of human feces. Eleven cultures received from the collection of the American
Museum of Natural History were also studied. They contained 2 organisms
marked B. coli communis (A and B), 4 of B. communior (A1,A2,B, and C),
2 of B. acidi lactici (A2 and B), and 1 each of B. aerogenes, B. cloacae, and
B. mucosus capsulatus.

METHOD OF ISOLATIOK

The samples from sewage were plated on litmus lactose agar, and after
incubation at 37 C. for 24 hours, 3 or 4 acid colonies were fished into lactose

4 Elements of Water Bacteriology, 1915, p. 149.
5 Jour. Infect. Dis., 1915, 17, p. 160.
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broth, which, in turn, was incubated at the body temperature. If gas was
produced in 24 or 48 hours, new litmus-lactose-agar plates were made and
typical, well-isolated colonies were fished onto agar slants.

The samples from animals were collected in sterilized tumblers, or sample
bottles, immediately after evacuation. A small amount of the interior of the
solid material was suspended in sterile physiologic salt solution. This sus
pension was then plated on litmus lactose agar and otherwise treated in
exactly the same manner as the samples from sewage.

CHARACTERS STUDIED

The organisms were studied for morphology; staining by Gram's method;
ability to produce acid and to clot milk; liquefaction of gelatin; fermentation
of various carbohydrates; the Voges-Proskauer reaction; and the Ht-ion con
centration as determined by the reaction to methyl red and paranitrophenol.

M orphology.-With very few exceptions all the organisms were short rods.
From one sample of sheep feces, 4 cultures which were distinctly larger were
obtained, but such variations in size as were observed among the different
cultures were not correlated with any other characters.

Gram Stain.-All the organisms studied gave a negative Gram test. The
stain was made by treating smears 1 minute with anilin oil gentian violet,
then 1 minute with Gram's iodin solution, after which they were immersed
in alcohol for 5 minutes, washed in water, and stained with dilute safranin
for 15 seconds. All the cultures stained pink. Streptococcus lacticus and
young cultures of B. subtilis similarly treated, as a check, were distinctly
positive.

Milk.-All the organisms produced acid and clotted litmus milk in 48 hours
at the body temperature.

Gelatin.-Gelatin was not liquefied by any of the organisms in this collection.
The test was made at 20 C. and observed for 20 days.

Carbohydrates.-Tests for the quantity of acid and gas-production were
made in dextrose, galactose, lactose, maltose, saccharose, raffinose, mannite,
glycerin, du1cite, salicin, and inulin.

Voges-Proskauer Reaction.-In the first series of Voges-Proskauer tests,
5 c.c, of a 10% KOH solution were added to 3 to 4 c.c, of a 48-hour
dextrose-broth culture in each of 2 test tubes. One tube was allowed to stand
at room temperature, while the other was boiled as recommended by West"
and Rivas," It was found that the boiling produced a yellow color which
obscured the eosin-like color formed when the Voges-Proskauer test was
positive. In later tests I employed the peptone dextrose di-potassium hydrogen
phosphate medium suggested by Clark and Lubs" for use in the determination
of hydrogen-ion concentration. This medium was almost colorless, and I found
that by adding 5 C.c. of a 10% KOH solution to about 4 c.c. of the culture and
incubating over night a very distinct test was procured.

Indicator Tests.-The medium employed for these tests consisted of 0.5%
di-potassium hydrogen phosphate; 0.5% Witte's peptone; and 0.5% dextrose,
sterilized in the Arnold. Two series of experiments were conducted; at 37 and
30 c, respectively.

The technic in one of the two sets was somewhat different from that
employed in the other. In the body-temperature series, flasks containing

6 Cited by West, Am. Jour. Pub. Hyg., 1909, 19, p. 227.
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100 C.c. of media were used. At intervals of 2, 3, 4, and 6 days, two 5-c.c.
portions were removed. To one portion was added 0.2 c.c. of paranitrophenol
and to the other 0.1 c.c. of methyl red.

In the series at 30 c., each organism was inoculated into 4 test tubes con
taining 10 c.c. each of media. After 2 days 5 c.c, from one of the tubes were
tested with methyl red, and to the remainder of the culture in the test tube
were added 5 c.c. of a 10% KOH solution for the Voges-Proskauer reaction.
A 2nd and a 3rd tube were treated in the same manner after 3 and 5 days'
incubation, respectively. The contents of the 4th tube were tested on the 7th
day with methyl red and paranitrophenol.

DISTRIBUTION OF ORGANISMS

That the group of organisms studied was a fairly representative
one is seen from their distribution among the 4 main groups of
MacConkey," as shown in Table 1.

TABLE

DISTRIBUTION OF COLON-LIKE ORGANISMS FROM VARIOUS SOURCES AMONG MACCOXKEY'S GROUPS

B. [acidi] B. coli B. coli B. [Iactis]
lactici [communis] [communior] aerogenes

Source ------------ Total
Saccharose - Saccharose - Saccharose + Saccharose +

Dulcite- Dulcite + Dulcite + Dulelte -

Horse.................... 3 1 12 3 19
Pig.•.................... 14 7 6 4- 31
Oow..................... 5 5 5 5 20
Sheep.................... 0 1 10 11 22
Raw sewage .............. 5 6 4- 4, 19
Septle sew.............. 9 2 4- 5 20
Man..................... 18 4 1 2 25

I

---_¥._-- ---------~--
Totals............... 54

I

26 42 34 156

TABLE 2

CORRELATION BETWEEN THE SOURCE OF B. COLI AND SACCHAROSE-FERMENTATION

~
Saccharose +

Source
Number of Number of

_______~ Organisms Percent_~ Organisms ~rcentag('

Horse.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15i9 4- 21
Oow......... 10 50 10 1':0
Sheep. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 95 1 .05
Man... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 12 22 88
Pig..................................... 10 32 21 6S

Fifty-four cultures are in the B. [acidi] lactici group (saccharose
negative and du1cite-negative) ; 26 are B. coli [communis] (saccharose
negative, du1cite-positive) ; 42 are in the B. coli [communior] group
(saccharose-positive and dulcite-positive) ; and 34 fall in the B. [lactis]
aerogenes group (saccharose-positive, dulcite-negative) .

7 Jour. Hyg., 1905, 5, p. 333; 1909, p. 86.
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If the organisms are classified by their ability to ferment saccharose
alone, as suggested by Smith" and Howe," there is a more marked cor
relation with the source than is observed in the MacConkey grouping.

Of the organisms from the horse 79%, and of those from the sheep
95% fermented saccharose, while only 32% of those from pigs and
12% of those from man were saccharose-positive. In a study of
lactose-fermenting bacilli present in soil, a preliminary test on 33 organ
isms which produced gas from lactose, showed that 32, or 79%, also
formed gas in saccharose.

THE INDICATOR TEST

The Indicator.-Clark and Lubs" recommend a temperature of 30 c., an
incubation period of from 3 to 5 days, and methyl red as the indicator. In this
study it was found that there is little choice between methyl red and para
nitrophenol. With the former, the neutral tints were easier to detect, so that
in a quick laboratory test results recorded neutral with methyl red might be
regarded as acid to paranitrophenol unless standards of comparison were at
hand. After a preliminary trial of both indicators, methyl red was selected
for the routine work.

The Effect of Temperature.-The practice in routine water and milk
analyses has always been to incubate at room or body temperature.
For B". coli 37 C. has been most commonly employed, and in the 1912
edition of the Standard Methods for Water Analysis of the American
Public Health Association 40 C. is recommended. Substitution of 30 C.
for the indicator test would be warranted only if the results obtained
at the lower temperature are markedly different from those at body
heat. Clark and Lubs" do not give any comparative data, and in the
study of 167 strains recorded here, the reaction to methyl red was not
influenced appreciably by the temperature of incubation. A comparison
of the results after 5 days' incubation gave 1 culture acid at 37 C. and
neutral at 30 c.; 5 neutral at 37 C. and acid at 30 c.; 4 neutral, 12
alkaline, and 145 acid at both temperatures.

The Effect of Period of Incubation and Temperature.-As to the
effect of time of incubation and temperature combined on the reaction,
it was found that one organism was neutral at both temperatures until
the 3rd day, after which it was acid. Two cultures were constantly
acid at 30 c., while at 37 C. the reaction changed from neutral on
the 2nd day to acid on the 3rd and subsequent days. In these two
instances, the final reaction was reached sooner at the lower tempera-

8 Centralbl. f. Bacteriol., 1895, 18, p. 494.
9 Science, 1912, 35, p. 225.
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ture. The reverse was the case in 11 other cultures, which were acid
after 2 days at the body temperature, but neutral at 30 C. until the 3rd
day, after which they were also acid. Three cultures which were acid at
both temperatures on the 2nd day showed signs of reversion at the
lower temperature, but not at body temperature. One of these began to
revert on the 3rd day but was not distinctly alkaline until the 7th day.
The other two showed no signs of reversion until the 5th day. This
reversion is an important phenomenon and should be investigated fur
ther. Two cultures neutral at 30 C. after 2 days, were alkaline after 3
days; while at the body temperature they were alkaline in 2 days. In
all other cultures (158), there was no change in the reaction at either
temperature after 48 hours. The evidence as to the effect of the tem
perature and the incubation period on the reaction with methyl red is
summarized in Table 3, which indicates that the final reaction is reached
more quickly at the body temperature. With an incubation period of
from 3 to 5 days, there is little choice between 37 c., and 30 C. ; but if
the time of incubation IS reduced to 48 hours, the body temperature
seems preferable.

TABLE 3
EFFECT OF THE TEMPERATURE AND THE PERIOD OF INCUBATION ON THE REACTION WITH

METHYL RED

Reaction II_ Incubation at 37 G. in ~~ ~~_b~~i~~ at 30c~~_
~nd 3rd 4th 6th 2nd 3rdi 5th 7th

--------~---------------- ------- ------
Acid 1 143* 146 146 146 139 149. 148 14~
Neutral.................... 12 9 () 9 18 6 i 7 6
Alkaline.. . .. .. . .. .. .. . . .. • 12 12 12 12 10 12 i 12 13

j

* The figures indicate the number of cultures.

CORRELATION BETWEEN THE VOGES-PROS KAUER A~D METHYL-RED

REACTIONS

The 12 organisms which were alkaline to methyl red gave the Voges
Proskauer reaction, while all cultures that were acid or neutral failed to
give this reaction. It is interesting that the culture which at 30 C.
became alkaline on the 7th day of incubation, also gave a posiitve
Voges-Proskauer reaction on that day but not earlier. With few excep
tions the neutral tints were only slightly removed from a distinct acid
reaction, but neutrality did not seem to be correlated with source or
any other character.

The first series of Voges-Proskauer tests was made by Mr. N. C.
Pervier of the chemistry department. Beef-extract dextrose broth was
incubated at the body temperature for 48 hours. The second series was
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made about 3 months later by Mrs. S. B. More, also of the chemistry
department. She had no previous knowledge of the cultures or of their
reactions. The dextrose peptone di-potassium hydrogen -phosphate
medium of Clark and Lubs" was incubated at 30 C. The results
obtained by the two workers were absolutely confirmatory-. From the
small number of organisms in this collection giving the Voges-Proskauer
reaction it seems that this reaction (the production of acetyl-methyl
carbinol from dextrose) is a constant physiologic character. The con
stancy of this reaction should be further investigated.

An interesting relation exists between the source, and the Voges
Proskauer, and methyl-red reactions. From Table 4 it is seen that all
organisms which were alkaline to methyl red and which gave a positive
Voges-Proskauer reaction had been obtained from sewage. Of 39 cul-

TABLE 4

CORRELATION OF THE VOGES-PROSKAUER AND METHYL-RED REACTIONS WITH THE SOURCE

Reaction with Methyl Red
7 Days' Incubation at 30 C.

Voges-Proakauer
Reaction

Source

Horse .
Pig , .
Cow .
Sheep .
Raw sewage .
Septic sewage .
Man .

Acid or Neutral

19*
31
20
22
14
16
25

Alkaline

o
o
o
o
5
4t
o

Positive

o
o
o
o
5
4t
o

Negative

19
31
20
22
14
16
25

* The figures indicate the number of organisms.
t One organism did not give a Voges-Proskauer reaction, and was not alkaline to methyl

red until the 7th day.

tures from raw and septic sewage 9, or about 23%, gave these two reac
tions, while not a single culture out of the 117 from the fecal sources
was positive in the Voges-Proskauer test, or alkaline to methyl red.

What is the origin of these Voges-Proskauer-positive, methyl-red
negative organisms found in sewage, which are presumably very rarely
found in the feces of cows, pigs, horses, sheep, and man? The scarcity
of Voges-Proskauer-positive colon bacilli in feces confirms previous
work by MacConkey, who, in the examination of 205 colon-like organ
isms isolated from 22 samples of human stools, obtained positive tests
in only 4 cultures, 3 of which were from a single sample. Clark and
Lubs have shown that the colon-like organisms occurring on grains were
characterized by an alkaline reaction to methyl red. The work here
presented agrees with their findings to the extent that methyl-red
negative organisms are apparently of non-fecal origin.
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Whether B. coli will multiply on grain or not, it is evident that the
organisms must first reach the grain from some extraneous source. This
source is in all probability the soil. Investigations are now under way
at this laboratory to determine whether the incidence of Voges
Proskauer-positive colon bacilli is considerably higher in soil than else
where.

A study of 13 organisms in this collection which form acetyl-methyl
carbinol from dextrose as to their ability to produce gas in carbohy
drates, gave the results shown in Table S. Dextrose, galactose, maltose,
lactose, raffinose, and saccharose were fermented by all with the pro
duction of gas and acid. Inulin was not attacked by any. Glycerin was

TABLE 5
FERMENTATION OF CARBOHYDRATES BY VOGES-PROS KAUER-POSITIVE, METHYL-RED-NEGATIVE

ORGANISMS

+

+
+

+

+

++
+
+

+
Cloacae........ +
Aerogenes*.....

Mucosus cap- +
sulatus

MacConkey Saccha- Raill- Dul- I Glye- I Sall- i Inu-
Type rose nose cite I erin cin 'I lin

---------I--C-o-m-m-u--m-·o-r-..-.. + + -+.-+-I-+-=-
Aerogenes...... + +
Aerogene~... .. . + + - + + I =
Oommuntor.v. . + + + + +
Aerogenes.... .. + + - I + +
Aerogenes... . . . + + -, + +
Aerogenes... .. . + + - + +
Communior.... + + + + +
Aerogenes... . . . + + - + +
Communior.. . . + + + + +

96 Raw sewage .
99 Raw sewage .

102 Raw sewage ..
107 Raw sewage .
108 Raw sewage .
112 Septic sewage .
117 Septic sewage ..
119 Septic sewage .
128 Septic sewage .
160 Amer. Museum of

Natural History
166 Amer. Museum of

Natural History
167 Amer. Museum of

Natural History
168 Amer. Museum of

Natural History

Culture Source

* Beacts in dulcite like B. coli [communior] but was labeled B. [lactis] aerogenes.

fermented by 11, or 84.6%. Twelve organisms, or 92.3%, produced gas
in salicin, while only 38.5% fermented dulcite. Kligler"? points out that
fermentation of salicin is more closely correlated with the Voges
Proskauer reaction than is gas-production in dulcite. I find, as he did,
that organisms which give the Voges-Proskauer reactions almost always
break down salicin with the liberation of gas, while no correlation exists
with dulcite. In this collection of 167 organisms, there are a large num
ber which ferment salicin and do not give the Voges-Proskauer
reaction.

Durham" observed that the Voges-Proskauer reaction was characteristic
of B. [lactis] aerogenes. He noted that this reaction was given by all cultures

10 Jour. Infect. Dis., 1914, 15, p. 187.
11 Jour. Exper, Med., 1900-1901, 5, p. 353.
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which he regarded as belonging to the B. [lactis] aerogenes group, but not
by the organisms in other groups. Macf.onkey,' after recording the
opinions of Theobald Smith, Strong, Durham, Muir, and Ritchie, Jordan,
Horrocks, Paul Clairmont; L-ehman and Newman, and others, concluded that
"taking all these opinions together, the B. lactis aerogenes (Escherich) might
be described as a non-motile, gram-negative, non-liquefying, bacillus; a facul
tative anaerobe, producing acid and clotting in milk, fermenting glucose,
lactose, cane sugar, and maybe also starch and inulin, and giving the Voges
Proskauer reaction." In short, he characterized B. [lactis] aerogenesas a
colon-like organism which fermented saccharose and formed acetyl-methyl
carbinol from dextrose, but, in 1909 he re-defined this organism specifying that
dulcite was not fermented.

The work of Rogers and his colleagues in the U. S. Department of
Agriculture," as well as that of Howe," Kligler,"" and myself, indicates
that dulcite-fermentation (except possibly in the B. coli [communis]
group) is not well correlated with other characters. I should therefore
disregard the dulcite-ferrnentation and, returning to MacConkey's first
characterization of B. [lactis] aerogenes, re-define this organism as
a non-sporeforming, non-liquefying, gram-negative short rod, which
forms acid and gas from dextrose, lactose, saccharose, and probably
raffinose, and acid and clot. in milk. Salicin and glycerin are almost
always fermented but dulcite only occasionally. Its reactions in appro
priate dextrose media, where it forms acetyl-methyl-carbinol (Voges
Proskauer-positive), gives an alkaline reaction with methyl red, and
breaks down the sugar with liberation of carbon dioxid in great excess
over hydrogen, are particularly distinctive.

It is apparently this type of organism that the investigations of
Rogers and his associates" showed to be so characteristic of grain. The
sanitary significance of the Voges-Proskauer reaction is therefore very
evident. Colon-like organisms which form acetyl-methyl-carbinol from
dextrose are characteristically of non-fecal origin.

Rogers and his co-workers emphasized the CO 2 : H ratio but did
not employ the Voges-Proskauer test. Macf.onkey,' Bergey and
Deehan," Kligler.t" and many others who record the Voges-Proskauer
reaction, did not determine the gas ratio. Clark and Lubs" showed that
the gas ratio is correlated with acidity and alkalinity to methyl red, and
this paper indicates that the methyl-red. reaction is in turn correlated
with the Voges-Proskauer reaction.

Altho in this collection only those cultures which were alkaline to
methyl red gave the Voges-Proskauer reaction, this absolute correlation
should not be overemphasized, as the number of organisms was small.

12 Jour. Med. Research, 1908, 19, p. 175.

 at U
niversity of Sussex on June 6, 2016

http://jid.oxfordjournals.org/
D

ow
nloaded from

 

http://jid.oxfordjournals.org/


CORRELATION OF REACTIONS IN COLON-AEROGENES GROL;P 367

Other collections should be studied to determine the correlation between
these two tests.

SUMMARY AND CONCLUSIONS

A study of 167 colon-like organisms isolated from various sources
including the horse, cow, pig, sheep, man, raw sewage, septic sewage,
and standard cultures showed that:

There is a better correlation between saccharose-fermentation and
the source than between the source and saccharose-dulcite-Ierrnen
tation.

For the methyl-red reaction with an incubation period of from 3 to
5 days, there is little choice between 30 and 37 C.; but if incubation
is reduced to 2 days, the body temperature is preferable.

The methyl-red and Voges- Proskauer reactions are correlated.
The organisms which were alkaline to methyl red gave a positive
Voges-Proskauer test and vice versa, and in many other characters
they resembled B. [lactis] aerogenes.

The cultures which formed acetyl-methyl-carbinol from dextrose
almost always fermented salicin and glycerin, but attacked dulcite
only occasionally.

Organisms that give the Vosges-Proskauer reaction are rarely found
in feces.

The production of acetyl-methyl-carbinol from dextrose serves
as an available basis for the comparison of recent work on the colon
aerogenes group of bacteria with the numerous results of previous
investigations.

For the Voges-Proskauer reaction, the dextrose peptone di-potas
sium phosphate medium of Clark and Lubs" gives a more distinct test
than that given by dextrose broth.

The Voges-Proskauer reaction, like the high gas ratio and the
alkalinity to methyl red, is characteristic of non-fecal strains, and it
may therefore be of considerable sanitary significance.
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